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7KLVSDSHUSUHVHQWV WKH UROHRI VLPXODWLRQ LQD ODUJH
8. UHVHDUFK SURMHFW H9L] ZKLFK DLPV WR UHGXFH
EXLOGLQJ HQHUJ\ GHPDQG UHGXFWLRQ WKURXJK
YLVXDOLVDWLRQ%DVHGRQHYDOXDWLRQRIYDULRXVRSWLRQV
WKURXJK VLPXODWLRQ H9L] DLPV WR LQWHUYHQH LQ
RFFXSDQW EHKDYLRXU DQG KHOS SHRSOH WR UHGXFH WKHLU
HQHUJ\ XVH WKHSDUDGLJPXVHG LV KXPDQLQWKHORRS
DQDO\VLV LQ RWKHU ZRUGV WKH SURMHFW DQWLFLSDWHV
VLJQLILFDQW LQWHUDFWLRQZLWK WKHRFFXSDQW WR DUULYH DW
IHDVLEOHRSWLRQV7KHSDSHUSUHVHQWVDSLORWVWXG\WKDW
DSSOLHV WKLVDSSURDFK LQDGRPHVWLFSURSHUW\ ORFDWHG
LQWKH1RUWKRI(QJODQG

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,W LV ZHOONQRZQ WKDW KRZHYHU HQHUJ\ HIILFLHQW D
EXLOGLQJPD\EHRFFXSDQWVKDYHDVLJQLILFDQWLPSDFW
RQ LWV DFWXDO HQHUJ\ GHPDQG %UDQFR HW DO 
(PHU\	.LSSHQKDQ7KLVSDSHUUHSRUWVRQD
SLORWVWXG\ZKLFKLVSDUWRIDODUJHUSURMHFWH9L]WKDW
DLPV WR FKDQJH RFFXSDQW EHKDYLRXU LQ EXLOGLQJV
WKURXJK YLVXDOL]DWLRQV SURYLGLQJ LQWXLWLYH
LQIRUPDWLRQ DQG VXSSRUWLQJ GHFLVLRQ PDNLQJ ZKLOH
FDSLWDOL]LQJ RQ WKH ODWHVW GHYHORSPHQWV LQ
LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJ\ ,&7
VXFKDVVPDUWSKRQHVYLVXDOL]DWLRQDQGVRFLDOPHGLD
,Q JHQHUDO WHUPV H9L] DLPV WR PDNH 
WKH LQYLVLEOH
YLVLEOH
 DQG WUDQVIRUP EXLOGLQJ XVHUV LQWR µVPDUW
RFFXSDQWV¶ZKRDUHLQFRQWURORIHQHUJ\GHPDQG7KH
SURMHFWZLOOGHOLYHUHQHUJ\UHGXFWLRQVWKDWDUHWLHGWR
RFFXSDQW EHKDYLRXU DQG QRW QRUPDOO\ ZLWKLQ WKH
VFRSH RI EXLOGLQJ DQG EXLOGLQJ VHUYLFHV GHVLJQ
HQJLQHHULQJ EXLOGLQJ HQHUJ\ PDQDJHPHQW V\VWHPV
RUIDFLOLWLHVPDQDJHPHQWSURFHGXUHV
7KLV SDSHU LQWURGXFHV DQ LQLWLDO SLORW VWXG\ FDUULHG
RXW LQ WKH FRQWH[W RI WKH ZLGHU H9L] SURMHFW WKDW
H[SORUHV WKHSRWHQWLDO UROHRI VLPXODWLRQZKHQXVLQJ
YLVXDOLVDWLRQV WR KHOS RFFXSDQWV UHGXFH WKHLU HQHUJ\
GHPDQG 7KH SLORW VWXG\ ZKLFK IRFXVHV RQ WKUHH
GRPHVWLF SURSHUWLHV LQ (QJODQG VWXGLHV WKH YDULRXV
ZD\V LQ ZKLFK QRUPDWLYH FDOFXODWLRQV DQG WUDQVLHQW
EXLOGLQJ VLPXODWLRQ FDQ EH XVHG WR ILQG GLIIHUHQW
FRXUVHV RI DFWLRQ WKDW OHDG WR UHGXFH HQHUJ\ XVH
7KHVH WKUHHGRPHVWLFSURSHUWLHV LQZKLFKDWSUHVHQW
EXLOGLQJ PRQLWRULQJ DQG EXLOGLQJ SHUIRUPDQFH
VLPXODWLRQ DUH FDUULHG RXW DOORZ D GHHS DQDO\VLV RI
WKH FDSDELOLWLHV RI ERWK DSSURDFKHV WR PHDVXUH DQG
PRGHO FKDQJHV WR WKH RFFXSDQW EHKDYLRXU ZLWK
VXIILFLHQW VLJQDO VWUHQJWK DQG UHVROXWLRQ 7KLV LV
FUXFLDODVDILUVWVWDJHWRZDUGVGHYHORSLQJµSUHGLFWLYH
FDSDELOLWLHV¶ WKDW FDQ EH XVHG WR LGHQWLI\ SRWHQWLDO
FKDQJHV LQ RFFXSDQW EHKDYLRXU WKDW PLJKW UHGXFH
EXLOGLQJHQHUJ\XVHZKLFKWKHQFDQIHHGLQWRYDULRXV
IRUPV RI HQHUJ\ YLVXDOL]DWLRQV WKDW PLJKW SURPSW
RFFXSDQWV WR LQGHHG FKDQJH WKHLU EHKDYLRXU $SDUW
IURP WKH W\SLFDO RFFXSDQF\ UHSUHVHQWDWLRQV WKDW DUH
UHJXODUO\XVHGLQEXLOGLQJVLPXODWLRQVXFKDVLQWHUQDO
KHDWLQJ OLJKWLQJ DQG YHQWLODWLRQ ORDG VFKHPHV WKDW
DUH OLQNHG WRKXPDQSUHVHQFH WKHFDVHVDOVRFKDUWD
ZLGHU UDQJH RI µOLYLQJ VFHQDULRV¶ LQFOXGLQJ
SV\FKRORJLFDO IDFWRUV WKDW PLJKW LPSLQJH RQ WKH
IHDVLELOLW\ DQG XSWDNH RI VXJJHVWHG LQWHUYHQWLRQV LQ
EHKDYLRXU7KHXOWLPDWHDLPRIWKLVZRUNLVWRFUHDWH
D KXPDQLQWKHORRS +,7/ WKHUPDO EXLOGLQJ
VLPXODWLRQ ZKHUH EXLOGLQJ SHUIRUPDQFH VLPXODWLRQ
DVVHVVHV SRWHQWLDO FKDQJHV LQ RFFXSDQW EHKDYLRXU
WULJJHUV WKH SUHVHQWDWLRQ RI YLVXDO LQIRUPDWLRQ WR
WKRVH RFFXSDQWV EXW RFFXSDQWV WKHQ KDYH D IUHH
FKRLFH LQ XSWDNH RI VXJJHVWHG LQWHUYHQWLRQV XSRQ
ZKLFKWKHF\FOHUHFXUV
7KLV SDSHU ILUVW VHWV WKH FRQWH[W WR WKH ZRUN E\
LQWURGXFLQJ WKH H9L] SURMHFW LQ PRUH GHWDLO ,W WKHQ
SUHVHQWV DQ LQLWLDO OLVW RI SRWHQWLDO HQHUJ\ GHPDQG
UHGXFWLRQ VWUDWHJLHV WKDW PLJKW KHOS EXLOGLQJ
RFFXSDQWV WR UHGXFH HQHUJ\ XVH )URP WKHUH WKH
SDSHU WKHQ ]RRPV LQRQ WKHSLORW VWXGLHV SUHVHQWLQJ
ZRUN RQ HVWDEOLVKLQJ D EDVHOLQH RQ RFFXSDQW
EHKDYLRXU DV ZHOO DV QDUURZLQJ GRZQ DYDLODEOH
VWUDWHJLHVGHYHORSHGIURPWKHORQJOLVWRIVWUDWHJLHVWR
WKRVH LQWHUYHQWLRQV WKDW DUH GHHPHG IHDVLEOH LQ WKLV
FRQWH[W 7KLV VKRUWOLVWLQJ RI VWUDWHJLHV LV WKHQ
DQDO\VHG IRU WKH RSWLPDO ZD\ WR XVH FRPSXWDWLRQ
ERWK QRUPDWLYH FDOFXODWLRQV DQG WUDQVLHQW
VLPXODWLRQ LQ RUGHU WR ILQG WKH PRVW SURPLVLQJ
VWUDWHJ\ 7KH SDSHU FRQFOXGHV ZLWK D GLVFXVVLRQ RI
KRZ WKH FRPSXWDWLRQDO VXSSRUW ZLOO IHHG LQWR WKH
IXUWKHUH9L]ZRUNSDFNDJHVSUHVHQWLQJRQJRLQJDQG
IXWXUH ZRUN 7KH SLORW VWXG\ LV IXQGDPHQWDO IRU
XQGHUVWDQGLQJ WKH SURVSHFWV RI RQWKHVSRW DQDO\VLV
RI SHRSOH LQ EXLOGLQJV DQG SURYLGHV LPSRUWDQW
LQVLJKWV LQWR WKH EHQHILWV DQG FKDOOHQJHV DVVRFLDWHG
ZLWKVXFKDSSURDFKHV
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7KHH9L]SURMHFWDLPVWRFKDQJHRFFXSDQWEHKDYLRXU
LQ EXLOGLQJV WKURXJK YLVXDOL]DWLRQV SURYLGLQJ
LQWXLWLYHLQIRUPDWLRQDQGVXSSRUWLQJGHFLVLRQPDNLQJ
ZKLOHFDSLWDOL]LQJRQWKHODWHVWGHYHORSPHQWVLQ,&7
YLVXDOL]DWLRQDQGVRFLDOPHGLD,QJHQHUDOWHUPVH9L]
DLPV WR PDNH 
WKH LQYLVLEOH YLVLEOH
 DQG WUDQVIRUP
EXLOGLQJ XVHUV LQWR µVPDUW RFFXSDQWV¶ ZKR DUH LQ
FRQWURO RI WKHLU HQHUJ\ GHPDQG7KH SURMHFW LQWHQGV
WRGHOLYHUHQHUJ\UHGXFWLRQVWKDWDUHWLHGWRRFFXSDQW
EHKDYLRXU DQG QRW QRUPDOO\ ZLWKLQ WKH VFRSH RI
EXLOGLQJ DQG EXLOGLQJ VHUYLFHV GHVLJQ HQJLQHHULQJ
EXLOGLQJ HQHUJ\ PDQDJHPHQW V\VWHPV RU IDFLOLWLHV
PDQDJHPHQWSURFHGXUHV
H9L]LVDVWURQJO\LQWHJUDWHGSURMHFWEULQJLQJWRJHWKHU
DSSURDFKHV IURP VRFLDO DQG EHKDYLRXUDO VFLHQFH
HQYLURQPHQWDO EXLOGLQJ DUFKLWHFWXUH YLUWXDO UHDOLW\
GLJLWDO YLVXDOLVDWLRQ DQG FRPSXWHU VFLHQFH )LJXUH 
VKRZV WKH LQWHUDFWLRQ EHWZHHQ WKH GLIIHUHQW ZRUN
SDFNDJHVIRUWKHSURMHFWDVDZKROH
,Q UHODWLRQ WR EXLOGLQJ PRQLWRULQJ DQG SHUIRUPDQFH
VLPXODWLRQ VSHFLILFDOO\ WKH UHVHDUFK GHOLYHUDEOHV VLW
LQZRUNSDFNDJHVDQG,QHVVHQFH:3LVDERXW

GDWD RQ UHDO EXLOGLQJV¶ DQG:3 LV DERXW µGDWD DQG
LQIRUPDWLRQRQYLUWXDOEXLOGLQJV¶%RWKFRQVHTXHQWO\
IHHG LQWR WKH IROORZLQJ :3V  WR VXSSRUW WKH
YLVXDOLVDWLRQV7KHYLVXDOLVDWLRQVDUHWKHQLQWHQGHGWR
OHDGWRLQWHUYHQWLRQVZKLFKLQWXUQVKRXOGUHJLVWHULQ
WKHPHDVXUHPHQWVLQWKHUHDOEXLOGLQJVDVZHOODVDEOH
WREHVWXGLHGLQWKHYLUWXDOHQYLURQPHQW
7KHEXLOGLQJPRQLWRULQJDQGSHUIRUPDQFHVLPXODWLRQ
UHVHDUFKZKLFKZLOO EH XQGHUWDNHQ LQ:3V  DQG 
$W SUHVHQW H9L] LV FROOHFWLQJ ERWK HQHUJ\ DQG
EHKDYLRXUDO GDWD IURP D VHULHV RI EXLOGLQJV WKUHH
KRPHV ZLWK GLIIHUHQW EXLOGLQJ W\SHV DQG RFFXSDQW
VWUXFWXUHV LQ WKH 6RXWK:HVW DQG 1RUWKHDVW RI
(QJODQG0RQLWRULQJLVEHLQJVHWXSIRUDIRXUIORRU
VWXGHQW DFFRPPRGDWLRQ EXLOGLQJ LQ 3O\PRXWK
FRPSULVHG RI HLJKW IODWV RI HLWKHU ILYH RU HLJKW HQ
VXLWH VWXGHQW EHGURRPV ZLWK D VKDUHG FRPPXQDO
NLWFKHQ DQG WHQGRPHVWLFSURSHUWLHVRQD QHZEXLOG
KRXVLQJGHYHORSPHQWLQ7RUTXD\8.
7KHSURMHFWZLOO WKHQXQGHUWDNH D VHULHVRI IRFXVVHG
VLPXODWLRQV WR VWXG\ DQG TXDQWLI\ WKH LPSDFW RI D
VHOHFWHGVHULHVRILQWHUYHQWLRQVRQWKHHQHUJ\GHPDQG
RI WKHVH PRQLWRUHG EXLOGLQJV 7KH VLPXODWLRQV ZLOO
DWWHPSWWRDSSO\DQLQWHJUDWHGDSSURDFKWKDWEDODQFHV
WKHUPDO OLJKWLQJ LQGRRU DLU TXDOLW\ DQG WKHUPDO
FRPIRUW DVVHVVPHQW ,QLWLDOO\ WKH VLPXODWLRQ WRRO
,(69( ZLOO EH XVHG EXW RWKHU WRROV VXFK DV
(QHUJ\3OXV (63U )OXHQW 5DGLDQFH ,'$,&(ZLOO
EHH[SORUHGODWHULQWKHSURMHFW,WLVLQWHQGHGWKDWWKH
VLPXODWLRQV ZLOO EH YDOLGDWHG XVLQJ WKH PRQLWRULQJ
GDWD %RWK PHDVXUHPHQW DQG VLPXODWLRQ UHVXOWV ZLOO
EHDQDO\]HGE\PHDQVRIDVHDUFKDQGFOXVWHULQJVHW
XS LQ HLWKHU 0$7/$% RU -$9$ WKDW FDQ GLVFRYHU
SDWWHUQV DQG UHODWLRQVKLSV DQG XOWLPDWHO\ UDQN WKH
SHUIRUPDQFH RI 
EHKDYLRXUDO FKDQJHV
 ,W ZLOO
LQYHVWLJDWHWKHUHODWLRQVKLSEHWZHHQWKHLQWHUYHQWLRQV
WKDW PLJKW EH VXJJHVWHG RSWLRQ VSDFH WKH HQHUJ\
SHUIRUPDQFHRI WKHVHRSWLRQV DVPHDVXUHGVLPXODWHG
RXWFRPHVSDFHDQGRXUREMHFWLYHIXQFWLRQVHQHUJ\
GHPDQG UHGXFWLRQ ZKLOH PDLQWDLQLQJ KHDOWK DQG
FRPIRUW



Figure 1 The eViz project approach 
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,QRUGHUWRH[SORUHKRZWKHH9L]DSSURDFKZLOOZRUN
LQUHDOOLIHDQLQLWLDOSLORWVWXG\LVEHLQJXQGHUWDNHQ
ZKLFK DLPV WR JR IXOO FLUFOH RQ DOO ZRUN SDFNDJHV
7KLVSLORWVWXG\IRFXVHVRQWKUHHGRPHVWLFSURSHUWLHV
WKDW DUH FXUUHQWO\ VXEMHFW WR LQGHSWK PRQLWRULQJ RI
HQHUJ\ XVH WKHUPDO EHKDYLRXU DQG RFFXSDQW
EHKDYLRXU
+RER8GDWD ORJJHUV 7HPSFRQ KDYHEHHQ
LQVWDOOHG WR PRQLWRU DLU WHPSHUDWXUH DQG UHODWLYH
KXPLGLW\ HYHU\ ILYH PLQXWHV LQ D PLQLPXP RI IRXU
GLIIHUHQW VSDFHV ZLWKLQ WKH KRPHV LQFOXGLQJ WKH
OLYLQJ URRP PDLQ EHGURRP NLWFKHQ DQG EDWKURRP
7KHPDQXIDFWXUHUV¶VWDWHGDFFXUDF\RI WKHVHQVRUV LV
R& DQG 5+ 7KH GDWD ORJJHUV ZHUH
SODFHG DZD\ IURP KHDW VRXUFHV DQG QRW LQ GLUHFW
VXQOLJKW
7KH RXWGRRU HQYLURQPHQWDO FRQGLWLRQV WHPSHUDWXUH
UHODWLYH KXPLGLW\ ZLQG VSHHG ZLQG GLUHFWLRQ DQG
UDLQ DUH EHLQJ PRQLWRUHG XVLQJ D ZHDWKHU VWDWLRQ
GHSOR\HG DW HDFK KRPH 7KH PDQXIDFWXUHUV¶ VWDWHG
DFFXUDFLHV IRU HDFK SDUDPHWHU LV R& 7HPS 
5+ZLQGVSHHGUDLQ
,Q DGGLWLRQ D VPDUWHQHUJ\ V\VWHP $OHUWPH 
KDVEHHQGHSOR\HGWRPHDVXUHWKHWRWDOHOHFWULFLW\XVH
RI WKH GZHOOLQJV HYHU\ PLQXWH 7KH GDWD EHLQJ
FROOHFWHG LV DYDOLDEOH LQ UHDOWLPH IURP DQ\ ,QWHUQHW
HQDEOHGGHYLFH
)LQDOO\RFFXSDQWEHKDYLRXULVEHLQJFDSWXUHGXVLQJD
FRPELQDWLRQ RI PDQXDO UHFRUGLQJ ORJVKHHWV DQG
DXWRPDWHG PHWKRGV 7KH EHKDYLRXUDO SDWWHUQV
FXUUHQWO\ EHLQJ UHFRUGHG DUH KRPH DQG LQGLYLGXDO
URRP RFFXSDQFLHV WKHUPRVWDW DQG UDGLDWRU 759
VHWWLQJV DQG ZLQGRZ RSHQLQJ +RER 8;
PRYHPHQW VHQVRUV DUH EHLQJ XVHG WR DXWRPDWLFDOO\
FROOHFW RFFXSDQF\ LQIRUPDWLRQ ZKLOVW +RER 8;
 VWDWH ORJJHUV FRPELQHGZLWKZLQGRZFRQWDFWRUV
DUHHPSOR\HGWRUHFRUGZLQGRZRSHQLQJDQGFORVLQJ
$ VPDOO VDPSOH RI PHDVXUHPHQWV LV GHSLFWHG LQ
)LJXUH7KLV LVEDVHGRQPLQXWH LQWHUYDO ORJJLQJ
RI WKH LQGRRU DLU WHPSHUDWXUH LQ WKH OLYLQJ URRP RI
RQH RI WKH FDVH VWXG\ KRPHV LQ WKH 6RXWKZHVW RI
(QJODQG 7KH SURILOH VKRZV WKH ODUJH LPSDFW RI
RFFXSDQF\RQHFDQGLVFHUQWKHGDLO\IOXFWXDWLRQVIRU
WZR ZHHNV WKHQ D VWDELOL]DWLRQ WRZDUGV R& IRU D
ZHHN ZKHQ WKH RFFXSDQWV ZHUH DZD\ WKHQ D
UHVXPSWLRQ RI WKH GDLO\ SDWWHUQ=RRPLQJ LQ RQ RQH
GDLO\ F\FOH LW FDQ EH VHHQ WKDW  WHPSHUDWXUH IDOOV
GXULQJ QLJKW WLPH WKHQD UHVXPSWLRQGXULQJ WKHGD\
ZKHQWKHKHDWLQJLVRQ

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Figure 2 Monitoring data (indoor air temperature) for one case study building, living room. 
Monthly data 23/3 - 22/4 (top) and single day data 25/3 (bottom) 
 
:RUN LV SUHVHQWO\ RQJRLQJ WR UHSOLFDWH WKHVH
PHDVXUHPHQWGDWDXVLQJVLPXODWLRQLQ(QHUJ\3OXV$
FUXGHLQLWLDOUHVXOWLVSUHVHQWHGLQ)LJXUH:KLOHWKH
VLPXODWHG RYHUDOO DQQXDO HQHUJ\ XVH LV VLPLODU WR
PHDVXUHPHQW HQHUJ\ FRQVXPSWLRQ REYLRXVO\
PHHWLQJ WKH DFWXDO WHPSHUDWXUH SURILOH UHTXLUHV D
PXFK PRUH H[WHQVLYH FDOLEUDWLRQ RI WKH PRGHO $W
WKLVSRLQW WKHEHKDYLRXUDODVSHFWRIWKHH9L]SURMHFW
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EHFRPHV FUXFLDO  ZKHUHDV D EDVLF SDWWHUQ LQ WKH
WHPSHUDWXUH SURILOH ZLOO EH GHSHQGHQW RQ ZHDWKHU
FRQGLWLRQV +9$& VHW SRLQW YDOXHV DQG SK\VLFDO
SURSHUWLHV RI WKH KRPH DFWXDOO\ PDWFKLQJ WKH
PHDVXUHPHQW UHVXOWV GHSHQGV RQ FORVHO\ ORJJLQJ
LQWHUQDOKHDWORDGVLQWKHURRPRFFXSDQF\RSHUDWLRQ
RI DQ\ HTXLSPHQW WKDW JHQHUDWHV KHDW YHQWLODWLRQ
SDWWHUQVDQGRYHUULGHVRQWKH+9$&V\VWHPVHWWLQJV
,QLWLDO HIIRUWV VKRZ WKDW WKH XVH RI VLPSOH ORJJLQJ
VKHHWVVHHPWRDWEHVWJLYHDFUXGHLQGLFDWLRQEXWDUH
LQVXIILFLHQWWRDFWXDOO\UHSURGXFHPRQLWRULQJGDWDE\
PHDQVRI(QHUJ\3OXV


Figure 3: measured versus simulated temperature 
profile in the living room, 23/3 

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2QHRIWKHRWKHUSURSHUWLHVLVGLVFXVVHGLQWKLVSDSHU
DV DQ H[DPSOH RI KRZ H9L] H[SHFWV WR GHDO ZLWK
VLPXODWLRQ FKDOOHQJHV LQ VXSSRUWLQJ WKH RYHUDOO
DSSURDFK 7KLV SURSHUW\ LV ORFDWHG LQ WKH 1RUWK RI
(QJODQG7KHKRXVHLVDQLQWHUZDUFRQVWUXFWLRQIURP
WKH 
V DOO ZDOOV DUH GRXEOH EULFN OHDIV ZLWK D
PP FDYLW\ WKDW KDV EHHQ LQVXODWHG DURXQG 
7KHVH SURSHUWLHV DUH FKDUDFWHUL]HG E\ KLJKHU FHLOLQJ
KHLJKWVRQWKHJURXQGIORRUDQGODUJHZLQGRZWRZDOO
UDWLRV $OO RULJLQDO WLPEHU IUDPH ZLQGRZV ZHUH
UHSODFHGE\GRXEOHJOD]HGZLQGRZVRIFOHDUJOD]LQJ
$ FRQVHUYDWRU\ ZDV DGGHG LQ  DQG XVHG D
QXPEHU RI KLJK SHUIRUPDQFH PDWHULDOV WR FRQVHUYH
HQHUJ\ WKH URRI LV D WULSOH OD\HU SRO\FDUERQDWH WKH
DOXPLQLXP IUDPHV KDYH LQWHUORFNLQJ VHFWLRQV DQG
ZHUHSUHDVVHPEOHGRIIVLWH WR HOLPLQDWH FRQGHQVDWLRQ
DQG LQILOWUDWLRQ WKH WLPEHU IORRU KDV PP GHQVH
(36XQGHUIORRULQVXODWLRQ6W\URIRDP7KHJODVVLV
3LONLQJWRQ GRXEOH JODVV FDVHPHQWV ZLWK . JODVV RQ
WKH LQQHU OHDI .FODVV KDV D S\UROLWLFDOO\ RQOLQH
FRDWHG ORZHPLVVLYLW\ JODVV ,W RIIHUV VXEVWDQWLDO
LPSURYHPHQW RQ WKHUPDO LQVXODWLRQ ZKHQ FRPSDUHG
WRFOHDUIORDWJODVV
7KHSURSHUW\LVFKDUDFWHULVHGE\KLJKVRODUKHDWJDLQ
ZKLFKPHDQVWKDWDVZHOODVUHWDLQLQJKHDWLQJZDUPWK
LQ D URRP LW DOORZV KLJK OHYHO RI VRODU HQHUJ\ WR
HQWHU IRU ZDUPHU DQG EULJKWHU LQWHULRUV LQ VXQQ\
VSHOOV DQG UHGXFHG KHDWLQJ DQG OLJKWLQJ FRVWV $OO
GRRUV DUH XQLQVXODWHG LQFOXGLQJ WKH H[WHUQDO GRRU
ZKLFK DUH WKH RULJLQDO GRRUV RI WKH SURSHUW\ 7KH
KRXVH ZDV UHQRYDWHG DV LW FKDQJHG KDQGV DQG
FXUUHQWO\WKHOLYLQJVSDFHVDUHRSHQWRHDFKRWKHUDQG
WR WKH FRQVHUYDWRU\ OHDGLQJ WR D UHFWLOLQHDU RSHQ
VSDFH )ORRU SODQV IRU WKLV SURSHUW\ DUH SURYLGHG LQ
)LJXUH

   
Figure 4 Floor plans of the pilot study property
3URFHHGLQJVRI%6
WK&RQIHUHQFHRI,QWHUQDWLRQDO%XLOGLQJ3HUIRUPDQFH6LPXODWLRQ$VVRFLDWLRQ&KDPEpU\)UDQFH$XJXVW

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:LWKLQ WKLV SLORW VWXG\ EXLOGLQJ WKHUH DUH PDQ\
GLIIHUHQW ZD\V WR UHGXFH HQHUJ\ GHPDQG $Q LQLWLDO
FODVVLILFDWLRQ RI RSWLRQV LV SUHVHQWHG LQ 7DEOH 
ZKLFK GLVFHUQV IRXU FDWHJRULHV:LWKLQ 7DEOH  WKH
FROXPQVDUHGHILQHGE\ZKHWKHUDQHQHUJ\UHGXFWLRQ
VWUDWHJ\LPSDFWVRQWKHKHDWLQJRUFRROLQJHQHUJ\RU
RQ HQHUJ\ XVHE\ DSSOLDQFHV OLJKWLQJ HWF7KH URZV
DUHGHILQHGE\ZKHWKHUDVWUDWHJ\LVEDVHGRQFKDQJHV
WR EHKDYLRXU RU FRQWURO RU FKDQJHV WR WKH EXLOGLQJ
IDEULFDQGV\VWHPVLQRWKHUZRUGVKDUGZDUHFKDQJH
1RWHWKDWVWUDWHJLHVZLWKUHVSHFWWRWKHEHKDYLRXUDQG
FRQWUROURZGHSHQGRQIUHTXHQFLHVDQGGXUDWLRQVDQG
W\SLFDOO\ FRPH DW QR DGGLWLRQDO FRVW VWUDWHJLHV WKDW
LQYROYH FKDQJHV WR EXLOGLQJ V\VWHPV DQG VWUXFWXUH
W\SLFDOO\UHTXLUHVXEVWDQWLDOILQDQFLDOLQYHVWPHQWV

Table 1 
Classification of energy demand reduction strategies 
 +HDWLQJ&RROLQJ 9LDDSSOLDQFHV
OLJKWLQJHWF
&KDQJHVWR
EHKDYLRXURU
FRQWURO
&DWHJRU\ &DWHJRU\
&KDQJHVWR
EXLOGLQJ
V\VWHPVDQG
VWUXFWXUH
&DWHJRU\ &DWHJRU\

([DPSOHV RI HQHUJ\ GHPDQG UHGXFWLRQ VWUDWHJLHV LQ
HDFK FDWHJRU\ DUH SURYLGHG LQ 7DEOH  1RWH WKDW
7DEOH  LV LQGLFDWLYH RQO\ IRU WKH PDQ\ RSWLRQV
DYDLODEOH WR KRPHRZQHUV DQG RFFXSDQWV 6HH IRU
LQVWDQFH WKH $6+5$( KDQGERRN IRU V\VWHPV DQG
HTXLSPHQW
2EYLRXVO\DVWDJHGDSSURDFKLVQHHGHGWRKRQHLQRQ
VSHFLILF HQHUJ\ GHPDQG UHGXFWLRQ VWUDWHJLHV WKDW DUH
RI LQWHUHVW LQ WKH DFWXDO FRQWH[W HYHQ IRU WKH
VLPSOLILHG H[DPSOHV SURYLGHG LQ 7DEOH  DQG
DVVXPLQJ HDFK VWUDWHJ\ LV HLWKHU DSSOLHG RU QRW RQH
HQGVXSZLWKDQH[WUHPHVHDUFKVSDFHWKDWFRQVLVWVRI
 [  [  [    ∙ DOWHUQDWLYHV  ZLWKRXW
HYHQ FRQVLGHULQJ DQ\SDUDPHWHUYDULDWLRQ LQ HDFKRI
WKHDOWHUQDWLYHV
:KLOHFRPSXWDWLRQDOSRZHULVLQFUHDVLQJDQGWKHXVH
RI PHWDPRGHOV (LVHQKRZHU  PLJKW RIIHU
IXWXUH LQURDGV WR KDQGOLQJ VXFK ODUJH VHDUFK VSDFHV
H9L]IROORZVDSUDJPDWLFDSSURDFK WKDWHPSOR\V WKH
KXPDQLQWKHORRS +,7/ SDUDGLJP WR UHGXFH WKH
VHDUFK VSDFH )LJXUH  VKRZV WKLV RSWLRQ VSDFH
UHGXFWLRQGLDJUDPPDWLFDOO\2QWKHOHIWKDQGWKHUHLV
WKHDOPRVWHQGOHVVRSWLRQVSDFHRIVWUDWHJLHVWKDWFDQ
EH HPSOR\HG WR UHGXFH HQHUJ\ GHPDQG :H DSSO\
SUHVFUHHQLQJ ZKHUH WKH RFFXSDQW FDQ VHOHFW WKRVH
RSWLRQVWKDWDUHRIUHDOLQWHUHVWDVZHOODVDFFRXQWIRU
SDUWLFXODU EXLOGLQJ DVSHFWV VRPH RSWLRQV PLJKW QRW
EHIHDVLEOHIRUDZKROHUDQJHRIUHDVRQVWKLVKDVWKH
DGYDQWDJHWKDWLWHQVXUHVWKHODWHUH9L]YLVXDOLVDWLRQV
ZLOO FRPH XS ZLWK DOWHUQDWLYHV WKDW KDYH D KLJKHU
OLNHOLKRRGRIXSWDNHDQGZLOOQRWERWKHUWKHRFFXSDQW
ZLWKHQGOHVVOLVWVRIRSWLRQVWKDWDUHRQO\UHPRWHO\RI
LQWHUHVW RU QRW DYDLODEOH WR WKHLU FXUUHQW OLYLQJ
FRQGLWLRQVDVXQIHDVLEOHVXJJHVWLRQVPLJKWOHDGWRD
TXLFN ORVV RI LQWHUHVW LQ H9L] YLVXDOL]DWLRQV
DOWRJHWKHU 7KH VWURQJO\ UHGXFHG RSWLRQ VSDFH WKHQ
ZLOO IRUP WKH EDVLV RI FRPSXWDWLRQDO H[SORUDWLRQ
HLWKHU E\ QRUPDWLYH FDOFXODWLRQ RU E\ WUDQVLHQW
VLPXODWLRQ+RZHYHU VLQFH WKH RSWLRQ VSDFH LV QRZ
VWURQJO\ UHGXFHG LW LV SRVVLEOH WR PDNH WKH RSWLRQ
DVVHVVPHQWPRUHLQWHOOLJHQW

Table 2 
Examples of energy demand reduction strategies 
Category 1 
&KDQJLQJZLQGRZGRRURSHUDWLRQEHKDYLRXU
&KDQJLQJEOLQGFXUWDLQRSHUDWLRQEHKDYLRXU
&KDQJLQJWKHUPRVWDWRSHUDWLRQEHKDYLRXU
DQGRWKHUV
Category 2
&KDQJLQJOLJKWLQJRSHUDWLRQEHKDYLRXU
&KDQJLQJVKRZHUEDWKURRPXVDJHEHKDYLRXU
&KDQJLQJFRRNLQJEHKDYLRXU
DQGRWKHUV
Category 3
$GGLQJLQVXODWLRQWRZDOOVIORRUVRUORIWV
8SJUDGLQJWRGRXEOHWULSOHJOD]LQJZLQGRZV
,QVWDOOLQJHQHUJ\HIILFLHQWKHDWLQJV\VWHPV
,QVWDOOLQJHQHUJ\HIILFLHQWERLOHUV
DQGPDQ\RWKHUV
Category 4
,QVWDOOLQJUHQHZDEOHHQHUJ\UHVRXUFHVVRODUSDQHO
KHDWSXPSHWF
,QVWDOOLQJHQHUJ\HIILFLHQWDSSOLDQFHVZDVKLQJ
PDFKLQHUHIULJHUDWRUHWF
8VLQJHQHUJ\HIILFLHQWEXOEV
$SSO\LQJGLPPDEOHOLJKWLQJV\VWHPV
DQGPDQ\RWKHUV

5HVXOWV FDQ EH XVHG WR UDQN RUGHU RSWLRQV 2WKHU
RSWLRQVDUHWRSUHVHQWRFFXSDQWVZLWKWKHW\SLFDOWLPH
VHULHV WKDW UHVXOW IURP HQHUJ\ )RU LQVWDQFH UDWKHU
WKDQEOLQGO\FRPSDULQJHQHUJ\XVHRIV\VWHP;ZLWK
3URFHHGLQJVRI%6
WK&RQIHUHQFHRI,QWHUQDWLRQDO%XLOGLQJ3HUIRUPDQFH6LPXODWLRQ$VVRFLDWLRQ&KDPEpU\)UDQFH$XJXVW

V\VWHP < RQH FDQ QRZ LQFOXGH WKH LPSDFW RI
SDUDPHWHU SHUPXWDWLRQ HJ VXEWOH FKDQJHV LQ
RSHUDWLRQ UHJLPH DOORZLQJ WKH LQFOXVLRQ RI VHOHFWHG
FRQWH[WVSHFLILF 
ZKDW LI
 TXHVWLRQV LQ WKH DQDO\VLV
)XUWKHU SRVWSURFHVVLQJ LV DOVR SRVVLEOH HJ
FDOFXODWLRQRIPRUHDGYDQFHGSHUIRUPDQFHLQGLFDWRUV
HJ H[SHFWHG FRVW VDYLQJV SHU DQQXP RU UHGXFWLRQ
LQ FDUERQ HPLVVLRQV 7KH H9L] UHVHDUFK WHDP LV
FXUUHQWO\ RQO\ HQWHULQJ RQ WKH YLVXDOL]DWLRQ WKH
GHEDWHLVVWLOORQJRLQJRQKRZWRILOWHUDQGUHSUHVHQW
VLPXODWLRQ UHVXOWV WR WKH RFFXSDQWV ,Q WKHRU\ RQH
FRXOGIHHGIRUZDUGWKHVLPXODWLRQUHVXOWVDVWKH\DUH
RU SRVWSURFHVV WKHP LQWR YLYLG LPDJHU\ WKDW PLJKW
LQFUHDVHWKHDWWHQWLRQWRWKHRXWFRPHVLWLVOLNHO\WKDW
D VHFRQG ILOWHU XVHU LQWHUYHQWLRQ LV QHHGHG DW WKLV
SRLQWLQWKHGDWDIORZ
$VDQH[DPSOHWKHRZQHURIWKHSLORWVWXG\KDVRQO\
D OLPLWHG LQWHUHVW LQ VRPH RI WKH UHQHZDEOH HQHUJ\
WHFKQRORJ\ GXH WR D VWURQJ RSLQLRQ DERXW WKH
DHVWKHWLFVDVZHOODVILQDQFLDOFRQVWUDLQWV,QWHUPVRI
UHGXFLQJ WKH HQHUJ\ GHPDQG RI WKH SURSHUW\
WKHUHIRUH WKH NH\ VWUDWHJLHV RI LQWHUHVW DUH UHODWLYHO\
VWUDLJKWIRUZDUG LQVWDOODWLRQ RI D GRRU WR WKH
FRQVHUYDWRU\ WR FRQWURO KHDW ORVV GXULQJ FROG
DPELHQWWHPSHUDWXUHVDQGXSJUDGHRIFXUWDLQVIRUWKH
VDPHSXUSRVH2SWLRQVOLNHLQVWDOODWLRQRID39DUUD\
RUKHDWSXPSDUHQRWRILQWHUHVW
7KH WZR RSWLRQV GRRUV DQG FXUWDLQV \LHOG D
VLPSOH RSWLRQ VSDFH EXW DUH FRPSOH[ WKURXJK WKH
PDQ\ RSHUDWLRQDO UHJLPHV SRVVLEOH )RU LQVWDQFH
ERWKFRXOGEHRSHUDWHGDWIL[HGWLPHVRIGD\RUEDVHG
RQ LQGRRU WHPSHUDWXUHV RXWGRRU WHPSHUDWXUH WKH
GLIIHUHQFH EHWZHHQ LQGRRU DQG RXWGRRU WHPSHUDWXUH
RU HYHQ RQ WKH EDVLV RI ZHDWKHU SUHGLFWLRQ IRU WKH
QH[WKRXUV7KHLURSHUDWLRQPLJKWDOVRGHSHQGRQ
WLPH RI \HDU DQG H[WHUQDO VFHQDULRV VXFK DV ZRUN
VFKHGXOH RI WKH RFFXSDQWV OHDGLQJ WR SHULRGV RI
SURORQJHGRFFXSDQF\DQGDEVHQFH





Figure 5: human-in-the-loop option space definition 

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$V ZLOO EH REYLRXV IURP )LJXUH  H9L] ZLOO QRW
EOLQGO\RSWIRUVLPXODWLRQDSSURDFKHVIRUDOOUDQNLQJV
UHTXLUHG E\ RFFXSDQWV ,Q PDQ\ FDVHV HVSHFLDOO\
ZKHUHWKHUHLVDFKRLFHWREHPDGHEHWZHHQGLIIHUHQW
KDUGZDUH RSWLRQV XVH FDQ EH PDGH RI QRUPDWLYH
FDOFXODWLRQV VXFKDV ,62,628VHRI
WKHQRUPDWLYHPHWKRGVLVHVSHFLDOO\EHQHILFLDOZKHUH
FKDQJHV WR WKH SURSHUW\ DOVR QHHG WR SDVV EXLOGLQJ
FRQWURO DQG WKHUH WKXV LV D QHHG WR XVH VLPLODU
FDOFXODWLRQV VXFK DV 6$3 DV HQVKULQHG LQ EXLOGLQJ
OHJLVODWLRQ +RZHYHU LQ RWKHU FDVHV WKH XVH RI
WUDQVLHQW WKHUPDO VLPXODWLRQ LV DSSURSULDWH IRU
LQVWDQFH WR JHW D KDQGOH RQ WKH GLIIHUHQW HQHUJ\
UHGXFWLRQVWKDWPLJKWVWHPIURPLQVWDOOLQJWKHGRRUWR
WKH FRQVHUYDWRU\ WDNLQJ LQWR DFFRXQW GLIIHUHQW
RSHUDWLRQUHJLPHV
)RU WKH SLORW VWXG\ WKH FRPPHUFLDO VLPXODWLRQ
VRIWZDUH ,(69( YHUVLRQ  LV XVHG IRU
DQDO\VLQJ WKH HQHUJ\ SHUIRUPDQFH RI WKH SLORW VWXG\
3URFHHGLQJVRI%6
WK&RQIHUHQFHRI,QWHUQDWLRQDO%XLOGLQJ3HUIRUPDQFH6LPXODWLRQ$VVRFLDWLRQ&KDPEpU\)UDQFH$XJXVW

SURSHUW\ ,(69( LQFRUSRUDWHV D VHW RI LQWHJUDWHG
DQDO\VLVWRROVIRULQYHVWLJDWLQJGLIIHUHQWFOLPDWLFDQG
HQHUJ\ UHODWHG VFHQDULRV ,(6  ,Q WKH SLORW
VWXG\ WKH VRIWZDUH SDFNDJH LV XVHG WR VLPXODWH WKH
HQHUJ\ SHUIRUPDQFH RI WKH EXLOGLQJ LQ WHUPV RI WKH
UHTXLUHG DQQXDO KHDWLQJ SODQW VHQVLEOH ORDG &HUWDLQ
LQWHUYHQWLRQV LQFOXGLQJ FORVLQJ DQG RSHQLQJ URRPV¶
GRRUV DQG LQVWDOOLQJ FXUWDLQV DUH H[DPLQHG DQG
FRPSDUHGWRHDFKRWKHUWRLGHQWLI\WKHLUHIIHFWRQWKH
DQQXDO KHDWLQJ SODQW VHQVLEOH ORDG IRU WKH KRXVH
)LJXUH  VKRZV WKH YLVXDO PRGHO RI WKH SLORW VWXG\
KRXVHHVWDEOLVKHGLQ,(69(



Figure 6: The IES-VE model from front (top) and 
back (bottom) 

8VLQJ WKLV PRGHO D UDQJH RI GRRU DQG FXUWDLQ
RSHUDWLRQ VFHQDULRV KDYH EHHQ LQYHVWLJDWHG 6HH
7DEOH
7KH RULHQWDWLRQ RI WKH FRQVHUYDWRU\ LV WRZDUGV WKH
1RUWK WKLVLV WKHZRUVWRULHQWDWLRQLQWHUPVRIGLUHFW
VRODU JDLQ EXW SURYLGHV PXFK QHHGHG DQG DYDLODEOH
XQLIRUP GD\OLJKW IRU WKH RFFXSDQWV ,W VKRXOG EH
QRWHG WKDW FRPSOH[ YDULDWLRQ SURILOHV IRU YHQWLODWLRQ
ZHUH XVHG WR PLPLF RFFXSDQWV¶ KRXUO\ DQG DFWXDO
HQJDJHPHQW ZLWK ZLQGRZV LQ WKH KRXVH RYHU WKH
FULWLFDOPRQWKVRIZLQWHU$OOZLQGRZVDUHSUHVXPHG
WR RSHQ  RI WKH ZLQGRZ DUHD 7KH EDWKURRP
ZLQGRZ LV RSHQHG GDLO\ IRUP DP WR SP
EHGURRPV DQG OLYLQJ VSDFH DUH RSHQHG IURP 
DP RU LI LQGRRU WHPSHUDWXUHV H[FHHG & LQ
VXPPHU7KHFRQVHUYDWRU\ZLQGRZVDUHRQO\RSHQHG
LIWKHVXPPHULQGRRUWHPSHUDWXUHVH[FHHG&
Table 3 
Scenarios studies for Case Study 
 'RRURSHUDWLRQ &XUWDLQRSHUDWLRQ
6FHQDULR
EDVHFDVH
'RRUV DOZD\V
FORVHG
&XUWDLQV DOZD\V
RSHQ
6FHQDULR $OZD\V RSHQ
DSDUW IURP
EDWKURRP DQG
JDUDJHGRRUV
&XUWDLQV DOZD\V
RSHQ
6FHQDULR &ORVHG ZKHQ
URRPRFFXSLHG
&XUWDLQV DOZD\V
RSHQ
6FHQDULR 'RRUV DOZD\V
FORVHG
%HGURRPV DQG
OLYLQJ URRP
DOZD\VFORVHG
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Figure 7: Annual heating load predictions 
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Figure 8: Sensible heating load predictions 
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